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Scheme of the New Accelerator Facnlutg

1.5 GeV/u U28+ 1012 /s + Gain compared to the existing facility /
29 GeV p 1083 /s new and special beam propoerties:

22 (35) GeV/u U%2+10° /s - Primary beam intensities: Factor 100 - 1000

uperconducting

- Ion energy: Factor 15 (25)
double-synchrotron
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Scheme of the New Accelerator Facnlutg

15 GeV/u U28+ 1012 /s + Gain compared fo the existing facility /
29 GeV p 1083 /s new and special beam propoerties:

22 (35) GeV/u U%2+10° /s - Primary beam intensities: Factor 100 - 1000

uperconducting

- Ion energy: Factor 15 (25)
double-synchrotron

-Secondary beam intensities for radioactive
Tons: up to a factor 10000

- New: cooled antiproton beams up to
15 GeV

- Special: intense cooled radioactive
ion beams

- efficient parallel operation
of several experiments
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The SIS 100/300 Double—SynchroTrorﬁ%—!: ’l
‘- J BRI

Two synchrotrons RHIC-typ | "o s
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5xSIS= ’ B B=4T (6 T) _shield cooling pipe
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J/|cold mass support
post asseqbly
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2x120 superconducting (SC) dipole magnets
132+162 SC quadrupole magnets
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High-Power (TW) Exotic Ion Production TGPQCQ%JL )
J bk

Injection of secondary beams

into the collector ring (CR) requires
primary Uranium beam puls

length < lus and d=~1 mm

on the target ! oL
0.80
W
Problem: ~
Hydrodynamic expansion of
the target 078
074 T . T -
Solution (?): 100 150 200 250 Pl -
asma
v'Pulse length shorter 50 ns Il Pulse length/ns physics
T ith 1 e
arget recovery with 1 Hz (liquid Lithium) targets
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Collector and Accumulator Rings for Exotic

from Target/SFRS

Exotic nuclei
fom | A
o Tl oy Super FRS Aplp =425 %

5 ‘decompressor’ Fast debunching of exotic nuclei
cavities (200 kV)

+ stochastic cooling ).

4’ 5 Bunch rotation
circum- 4 IOF: CR fr i A T
letector & ‘. esonan ! ! - o
ference gg Stochastic g8 Schattky SHons Aplp=+0.75 %
» Coollng ;\ plelep Adiabatic debunching
b\’b \\= &7 E
Electron and & Degader o
. . B ’ for fast =]
stochastic cooling | slowing down — Apfo = £0.5 %
+ eA collider mt:\ PpTEa T
lectron @QQ %:
oI:V °
\ NESR ™
Electon @ &£
%% »m"f CR+NESR: 2x24 large aperture (=180 mm)
Schottky . A & a
gg';e';g;'et. pickup "% Conpor superferric (1.6 T) dipole magnets
%, 4 &*M/

210 m circumference (approx. 2xESR)
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Antiproton Generation, Accumulation and Storag

UNILAC
/ <SIS 1s> 1A, 8 MeV e-beam
procn SIS 200 30 m cooling section

/ 0.5 T magnetic Field
— P  —iesion
°
—— P '\ crs F e RFcavities  Electron cooler Kicker G}
I R SFRS P:;s‘mcas Quadrapoles Qua dmn oles
[HESR] I °
7/

SO
I CR Nuclear
N\ ] | _madmwe Colisions L=450 m
A"“vmw"k‘h/ orved | 48 4T SC dipoles

Physics can be served in parallel
(SIS 200 types)

Detector

1-156eV p
Nipge=1012

@ H, (p=0.08 g/cm3)
= & 70000 pellets/s

S

®
@ Pellet-Target

L=2x1032 cm=2s!

AE=100 keV (Ap/p=10-5)
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ﬁ Antiproton Electron Cooling at Hégh(E‘,ne
;:1 i' sty = T

Feasibility study of fast ('seconds’) electron cooling for
the HESR, Budker Institute, Novosibirsk, RUS

Monte-Carlo-Simulation of pbar cooling

——initsal
24 5 cooling
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. Beam Dynamics Issues™
.’,‘ ‘—. gty -~ i
low loss | space | dynamic |impedance |intrabeam |rf gym- |stripping | e/ion
design | charge | aperture | budgets scattering | nastics | losses cloud
SIS 18 X X X X X
SIS 100 X X X X ‘ X X X X
SIS 300 X X X X X X
CR X X
RESR X X X
NESR X X X
HESR X X . X X X X
dynamic aperture: Magnet apertures and field quality, collimation concept
space charge: Apertures, collimation, feedback systems, beam quality
impedances budget: Feedback, rf + kicker design
rf gymnastics: rf requirements, beam quality "
stripping + clouds: beam loss, UHV requirements * Linacs not covered.
infrabeam scattering: beam quality and loss
: , — = ES=IE—
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SIS 100/300: Low Loss Design

SIS 100/300 average (peak) power:
10%2/s 2.5 GeV/u U28+; 100 kW (1 TW)

Quenching/Lifetime
of SC magnets:

tolerable beam loss
in the SC coils: <1 %

SIS 100/300

Structure activation:
N Hands-on maintenance
A requires losses < 1 %

Beam loss induced

SIS 18 average power: .' ‘ra outgassing

1019/s 1 GeV/u U73+: 0.4 kW

Y

Dynamic pressure below
> 5x10-12 mbar requires < 1 %
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U?8* Lifetime due to Stripping
in the Residual Gas

Projectile-Stripping in the residual gas:
U+ X U 1+ X™ +(m+ j)e

U28* Beam lifetime measurements in SIS:

Scaling of the stripping cross section:

251 ] n,

‘Born APPr‘oximaﬁon/ oox— X __
20l (S. Shevelko) : | Zl.4E1/2
8x10!'mbar

U28* operation with 1 % stripping loss means:
;
CTMC-Simulation (R.Olson)

(RIS

time [sec]

10 s lifetime in SIS (4 Hz) or P=5x10- mbar

Y STS Measurement | | 100 s lifetime in SIS 100/300 (T=1s)
or P=5x10-12 mbar

L L 1 L ! ! !

. A
0 20 40 60 80 100 120 140 160
E [MeV/u]
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RF Bunch Manipulations in SIS100 0 7@~
k‘ 44 g

Injection/acceleration of (hollow) bunches in (double) rf buckets

OO 0O OO0 00O- 26 compressor cavities (20 m)

A\ rebunching in a barrier bucket A filled with high-u cores:
= | 40 kV/m
f precompression j 500 kHz

fast bunch rotation

AQy, =-1.0
Key T y + about 20 'normal’
LeZs Ziu?; nd acceleration cavities
osse. b a
Dilution Factor < 2 | =1 MV total !

12|28 Beam loss budget:
e TR DM P"“”Xz LTW iy, Projectil range in steel = 1 cm
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Hollow Bunches uwu...,

,,,,,,,,,,

0.1 GeV/u

Vlasov-Fokker-Planck simulation:

vt G A e
at 0z m Ws

Es(wn) = 'Z(wn)I(wn) + ERF (wn)

Including the following components:
v'Double RF voltages
v'Space charge impedance

v'RF cavity impedance

N,=1024, N,=400, N ,=105
ESI—

v'Intrabeam scattering
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Moving Barriers ‘Q‘;" ‘?-P"’f':,

J =

precompression with two rf barriers:/\ T=0.25 s

]

16eV/u

t=0.00000 s

Simulation model includes:

v Space charge impedance )
v'Barrier RF + impedance ‘ e
¥Broadband imped. (50 ) >

0,0

v'Intrabeam scattering - os

—400 -200 [o] 200 400
z [m] t{v) [orb. units]

N,=2048, N,=400, N ,=105
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Nonlinear Magnet Fields and Beam Losiﬂj? ;%;'-Jf';_ .

SIS 100 dipole field errors + aperture: (Horizontal) betatron equation of motion:
N&
x +k()x=—12+——
RB, ymf-c
linear betatron nonlinear nonlinear
motion magnet  space charge
errors force

Long term stability (T=1 s):
x(t—=T)<a, y(t—T)<b

0.015 0.025

Homogeneity of BY w.r.t. value -0.21153547 at (0.0,0.0)
-6.0E-D4 00

a=55 mm
Key issue: Can we store a (thick) beam for 1 s (105 turns)

in a nonlinear machine with space charge ?
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Dynamic Aperture (no Space Charﬁe{{ )T
in SIS 100 ' ‘Q »

Dynamic aperture (DA): The boundary of the largest area inside the
domain of initial particle conditions that remains stable after 10° turns.
DA (in rms beam radii)

-

15.9
6 Particle tracking results for
158 | systematic dipole errors and
5 quadrupole fringe fields:
15.7 T . _
S E
Qy ! » 40
156 f
3 20 -
i55 ) 0
20 -
154 ; = I 40
\& 60 ‘ ‘ ‘ N
15.3 = " = Ee 60 40 20 0 20 40 60

- — )
154 155 156 157 158 159 Effect of random errors 4(nm)

is presently being studied.

6. Franchetti (2003) == I
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- New Insight into Space Charge Indu’é/ed ki
Beam Loss from a CERN PS Experiment m :

vParticles trapped into G. Franchetti, I. Hofmann and the CERN PS team (PRSTAB 2003)

moving resonance islands
reach large betatron
amplitudes (next slide). 1.6

Beam loss in CERN PS near octupolar resonance

o Emittance e
: S e e s
v'The halo particles are lost :E:’ 12 / \\
at the (dynamic) aperture S, / _____ \‘\—'\
T 08 ,Q e Tnh:nsugf
v'3D particle tracking (105 turns 1) | & O
.frozen' space charge fields o
0.4 ‘ ; ; : : :

reproduces experiment !
6,25 .26 627 628 629 630 6,31 6,32

horizontal tune

v'For >10% turns and Q=-0.15
beam loss of the order of
1-2 % seems realistic for
special working point regions only !
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Space Charge + Island Trapping: Schema‘rg%b—'. '“g_ ‘

Transverse phase space (Henon map)

Longitudinal phase space

Q=0

particle on
bunch boundary

Q=-0.15

The (dynamical) aperture of SIS100/300
has to be larger than the maximum extent
of the islonds !
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J%J, 'Ilg_ :

U28* Bunch compression ('single slic

Space charge induced crossing of

structure resonances in SIS during 2D (1) Simulation of
fast (100 turns) bunch compression: fast bunch compression.
turns=82 turns=82
4 0 [ T T
: o B
il N B
J. r E
r 3 o Q=-lin A
SIS 100! B
4Q=12
o 3.0 - /
[ QX+SQ=12
2.5 r
= Key question:
2.0l ; , bunch compression
3.0 3.5 4.0 4.5 5.0 with losses < 1%

Q
3D Simulation code development (self-consistent space charge) has been started !
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@ synchronous y

particle
Bunch

slicet z>» s

Transfer maps M, .. ;from
standard lattice design codes
2 (like MADX) including nonlinear
lattice elements and errors.

X
2D space charge field:
&EX + Or)Ey pAz(Xsys{stsi}) xl X
= x
ox 1% £
y 0 y‘ =Ms X'+qu(X’y)AS
3D particle motion plus |y i mviy®
space charge kicks: z .
0 S+As s
E5SI ]
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Multi Slice Results
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HESR: Beam Dynamics Issues w‘ﬂ Ty

1-15 GeV P The design of the HESR
N, =102 requires sophisticated

e beam dynamics studies,
<L>=2x1032 cm2st

using ‘frontier line’
AE=100 keV (Ap/p=10-5)

numerical computing:

Electron cooler:

1A, 8 MeV e-beam
30 m cooling section
0.5 T magnetic Field

computer modeling (3D)
of the interplay of:
vintrabeam scattering
v'target interaction
velectron cooling
vimpedances/feedback
v'dynamic aperture
v'trapped particles

Internal Target:

@ H, (p=0.08 g/cm?)
- @ 70000 pellets/s

p
GEEERND ! -

®
& Marget” = 5x1015 cm-3

One key issue: Low momentum spreads
+ high luminosity
EHSIL—
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Antiproton Beam Equilibrium: /
Code Benchmarking Q;‘g _

Boltzmann-type kinetic equation: MOCAC (ITEP): Fully kinetic

of(x,v, 1) o {o”"“’ }) PTARGET (6SI): Partly kinetic (cooling + target)
at - i Betacool (Dubna): Rate equations
l3D Gaussian distribution Comparison of codes for N=5x100:
Rate equa‘rions: Jet target + IBS + e-cool (magnetized) _:_ gg&%m
dE 102 -¥-- PTARGET
Xy rarget IBS cool
dr = (Ax,yg i Ax,y N Ax,y )Ex,y ; »/,/"X
3
d(Ap/p) = (AT A _ A Ap g 2 Equibriam .
1 Ao F4 -3 ! i
i P ¥l )
2ol | i
Simulation models contain : sy
vintrabeam scattering ¥, % gf?eleggzn:et
v'target scattering g e
velectron cooling : 5 . . P S
v'no self-fields | Energy, E, GeV

A. Dolinskii et al. (2002)
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Benchmarking with Experiments (i g

Equilibrium momentum spread in the ESR: intrabeam scattering +'magnetized’ cooling

Transverse emittance vs. number of ions: Momentum spread vs. humber of ions:
2892+ | =250 mA, E=330 MeV/u : wioie” 2892+, | 2250 mA, E=330 MeV/u $oEs
o ‘"’Z PTARGET 1ot PTARGET
: U92- 330 MeV/u i
. i ; -
Y g < s o
100 L]
10 3 “ : .
End: ) £ L] 3 TN L
E z . x10 @ i =
- G H
1029 + 7
ol o
108 2 3 4 5 678 4 2 SR llc e k) =
106 ¢ al0n
- - — - ES=IE—
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\ ar: S o
Turbulent Equilibrium w D o=
J
The combination of b L K(f. Vi, {B.D))  (long. kinetic)
high beam current at 0z
ar!d low momem‘u.m spread E.(0,) =-Z(w,)I(w,) + E (long. electric field)
might enable various (usually)
q A de. A
undesired collective phenomena. d;) = B rore Erselmeients)
Vlasov-Fokker-Planck simulation:

rms momentum iSDfE?C(j

x10
Bxio™5 ]
o0 . .
6210 With broadband impedance
2 (50 )
4x10 7 F
3 Without bb impedance
ae1n—2L % d
2x10 R

Key issue: control of collective effects (feedback,..
ey issue: control of collective effects (feedback,..) == |
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Application of ultra cold beams

v Today:
Mass measurements of exotic
nuclei in the ESR:

& A(m/cm(l_f)év
T mlg T\
v Tomorrow:

Highest luminosities for
collider-experiments in the NESR ?

e-beam « vy
}0— -9 >
( Ton cham . .-}

<10 um

10cm1m

0. o0 s
=13 =250 mA
-
| J
2 3 4 5 6 7 8
1 10 \1loo 100 10 10 1 10 10
number of stored ions

Ion Chains
M. Steck (1996)
R.Hasse (1999)
ESI—
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'R&D and Simulation Challenges' K‘? o I'.‘l,

Fast ramping SC magnefts:
extremly demanding

RF systems:
at the limit of technical feasibility

Control of dynamic vacuum (UHV):
at (or presently even beyond) the limit

Control of beam loss/collective effects:
extremly demanding, many open questions

Fast stochastic/electron cooling:
at the limit of technical feasibility

Longitudinal beam dynamics in RF fields
(Impedance budgets, beam quality,
parameters for feedback and RF systems)

v Simulation code development finished

Nonlinear lattice and space charge
(Magnet apertures and quality,
lattice design, collimation concept)

v'3D simulation code development started

Beam cooling equilibrium
(beam quality, cooler parameters)

v'3D code development started (INTAS)

Many more ..
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